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ABSTRACT: The development of functionalized, luminescent, pyrene-based monomers has been and 
continues to be an area of great interest in terms of the design and fabrication of optical and electronic 
devices. Herein, a facile strategy to tune the emission color of pyrene-based chromophores has been es-
tablished by simple functional group modification at the para position to the diphenylamino on the do-
nor building block. Intriguing photophysical properties were obtained and are described both in different 
solutions and in the solid state. The results obtained could be explained by the Hammett method and by 
density functional theory (DFT) calculations. A good correlation was observed between the Hammett 
σpara constants of the functional groups para to the phenyl and the wavenumber (cm–1) of the emission 
profile. This positive correlation, namely between the σ constants of the functional groups and the emis-
sion properties of the monomers, can be used to develop a predictive method for these types of systems. 
 
 2 
INTRODUCTION 
Chromophores are a class of functional π-electron systems that have progressively established 
themselves as useful tuneable molecules in modern organic electronics and organic electronic 
devices.1 Indeed, it is important to have the ability to tune the emission property of materials in a 
facile approach when designing light-emitting diodes,2 bio-imaging probes,3 and other photoe-
lectric emitting devices,4 particularly in the visible region. Various strategies have been estab-
lished to achieve efficient full-color emitting materials which are based on underlying mecha-
nisms, including intramolecular charge-transfer (ICT),5 twisted intramolecular charge-transfer 
(TICT),6 excimer,7 excited-state proton transfer (ESIPT),8 and photo-induced electron transfer 
(PET).9 Such strategies provide significant guidance when designing novel luminescent mole-
cules. In particular, it is worth noting that in recent years the introduction of donors and accep-
tors has played a crucial role in organic electronics based on ICT.5, 10 Furthermore, much effort 
has been devoted to developing highly efficient host materials. 
Among the many promising unmodified host candidates, polyaromatic pyrene have attracted 
attention because of their high thermal and photochemical stability, pure blue fluorescence, pla-
nar geometry, and natural high charge carrier mobility.11 It is also possible to append electron-
accepting/donor groups at the suitable positions on the pyrene core, which can result in en-
hanced intramolecular charge-transfer. Generally speaking, acceptors and donors provide ener-
getically high lying occupied molecular orbitals (HOMOs) and low lying unoccupied molecular 
orbitals (LUMOs), respectively. The D−A unit is conducive to the fine-tuning of the electronic 
interactions and charge transfer efficiencies.12 A wide variety of D−A type pyrene derivatives 
have been investigated by comparing experimental and theoretical results in recent years.13 For 
instance, many pyrene-based chromophores, based on both covalent and acceptor-donor struc-
tures, have been found to possess differing yet distinctive emission properties by functionaliza-
tion at the different positions of the pyrene core.4a, 14 On the basis of these experimental observa-
tions, in case of a donor/acceptor substituted molecule, the band-gap of the new material can be 
significantly reduced when compared to the pure components.15  
Herein, we present a facile strategy to investigate the influence of covalent donor groups. Spe-
cifically, a series of classical donor groups, which differ only by the functional group para to an 
N,N-diphenylamine core, have been studied. The groups were introduced at the 1-, and 3-
positions of 7-tert-butylpyrene via a Buchwald–Hartwig amination reaction. As anticipated, we 
observed distinct/different emission properties both in solution and in the solid state, simply by 
fine-tuning of the para substituents of the N,N-diphenylamine core. Broad and tuneable emis-
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sion, from blue to yellow wavelengths, were achieved in dilute CH2Cl2 solutions. Moreover, one 
of the compounds was found to emit orange light in the solid state. To decipher the underlying 
mechanisms responsible for these attractive properties, we further investigated the solvato-
chromism of the five compounds and report their absorption and emission spectra. The pro-
nounced positive solvatochromism combined with theoretical calculations indicate that these 
systems have potential for the design of full-color organic electrochromic devices.1 
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Scheme 1. Synthesis of pyrene-based light-emitting monomers 3. 
RESULTS AND DISCUSSION 
Shown in Scheme 1 is the synthesis of 3a-e starting from 7-tert-butylpyrene. This synthetic 
strategy was adapted from the well-known Buchwald–Hartwig amination reaction. The com-
pounds were characterized by 1H and 13C NMR spectroscopy, high resolution mass spectrometry. 
The detailed synthetic procedures and characterization data are given in the Experimental Sec-
tion and the Supporting Information (Figure S1−10). All compounds exhibited good solubility in 
common organic solvents with excellent thermal stability. The thermal properties of these monomers 
were determined by differential scanning calorimetry (DSC) and thermogravimetric analysis 
(TGA) under a nitrogen atmosphere and the results are shown in Table 1. Compounds of type 3 
showed very high thermal stability with decomposition temperatures (Td) of 348 to 392 °C and 
melting temperatures (Tm) of 198 to 262 °C. The high thermal values endow high morphologic 
stability of the amorphous phase in the film. The molecular structure of 7-tert-butyl-1,3-bis[N,N-
bis(4’-methoxyphenyl)amino]pyrene (3e) was unambiguously confirmed by X-ray crystallog-
raphy. Shown in Figure 1 is the crystal structure of 3e, which shows the dihedral angles between 
the C6 aromatic rings and the pyrene unit. Unsurprisingly, the p-OMe-phenyl groups point in dif-
ferent directions (Figure 1b). The dihedral angles between the pyrene core (C1 > C16) and the 
C6 aromatic rings are as follows: 75.81(3)° (C21 > C26), 79.34(3)° (C28 > C33), 60.79(11)° (C35 > 
C40) for the major disorder component, and 81.25(3)° (C42 > C47), respectively. The aromatic rings of 
the diphenylamino unit exhibit a twisted geometry, which, when combined with the bulky tert-butyl 
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groups, reduces the π−π stacking interactions. By comparison, both the phenyl and pyrene units of 
3e are involved in two kinds of π interactions between adjacent molecules, which results in the 
formation of a three-dimensional framework (Figure 2a).17  
 
Figure 1. The crystal structure of compound 3e: (a) top view and (b) side view. 
 
 
Figure 2. (a) The molecular packing of compound 3e as viewed parallel to the b axis of the unit cell; (b) 
the principal intermolecular packing interactions (Most hydrogen atoms are omitted for clarity). 
A detailed investigation indicated that two types of π interactions were present, namely 1) a 
MeC−H···π interaction of the methoxy group with the phenyl unit at a distance of 2.86 Å (yel-
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low dashed lines); and 2) an edge-to-face ArC−H···π interaction between the edge of the phenyl 
unit and the face of the pyrene core at a distance in the range 3.56−4.03 Å (green dashed lines). 
This interestingly results in a regular arrangement of alternating, anti-parallel stacks (Figure 2b). 
To be more exact, a compact supramolecular assembly is observed from alternating donor of 
phenyl groups (orange color) and the pyrene core (blue color) due to weak intermolecular inter-
actions.  
Table 1. The physical properties of compounds of type 3a-e. 
R 
λabs (nm) 
sola 
λPL (nm) 
sola/filmb 
log ε 
M–1∙cm–1 
Tm 
(°C)c 
Td  
(°C)d 
ΦPL(%) 
sola/filmb 
HOMO  
(eV)e 
LUMO  
(eV)f Eg (eV)
g 
3a 294, 414 465/525 4.59 198   348 79/33 -4.95 -1.95  3.00 
3b 299, 414 467/514 4.62 238  372 82/46                                                              -4.79  -1.79 3.00 
3c 302, 424 489/494 4.65 214  383 78/29                                                                       -4.65 -1.72 2.93 
3d 302, 425 491/472 4.61 229  391 57/10 -4.68 -1.76 2.92 
3e 301, 434 525/573 4.62 262  392 60/24 -4.43 -1.57 2.86 
a Measured in dichloromethane at room temperature. b As a thin film. c Melting point: Obtained from DSC measurements. d 
Thermal decomposition temperature: Obtained from TGA measurements. e DFT/B3LYP/6-31G* using Gaussian. f LUMO = Eg + 
HOMO, g Estimated from the absorption edge of UV-Vis spectra. 
 
These molecular designs were guided by density functional theory (DFT) calculations at the 
B3LYP/6-31g-(d)) level to examine their lowest unoccupied molecular orbital (LUMO), and 
highest occupied molecular orbital (HOMO). As depicted in Figure 3, the HOMOs of 3a-e are 
mainly spread over the diphenylamino moiety and the pyrene core, while the LUMOs are mostly 
distributed on the pyrene core and slightly extended to the phenyl ring. It is noteworthy that the 
separated HOMOs and LUMOs are important for high luminescence efficiency of the molecule 
in certain circumstances, which could increase the potential of Thermally Activated Delayed 
Fluorescence emitters by adjusting the energy gap.18  
 
Figure 3. Frontier-molecular-orbital distributions and energy levels diagram of 3a-e and 1 by DFT cal-
culations. 
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More and more classical donors and acceptors are attracting interest in the field of organic 
electronics. Herein, donor functionalized diphenylamines were selected as the hole-transport 
materials.19 The contours of the LUMO and HOMO of compounds 3a-e revealed that the incor-
poration of a strong electron-donating group on the diphenylamine decreases the contribution of 
the pyrene core in the HOMOs. The distribution of LUMO orbitals of 3a-e indicated the accep-
tor nature of the pyrene unit. It is very likely that intramolecular charge-transfer (ICT) states 
would be formed for these monomers. In this case of the donor appended molecules, the energy 
gaps were further evaluated. As shown in Table 1 and the energy level diagram Figure 3, the en-
ergetic proximity of the low lying LUMO and high lying HOMO results in a reduced energy gap 
compared with compound 1.20 The most interesting finding from the DFT calculations is that 
there is a positive correlation trend between the electronegativity of the functional groups occu-
pying the para position at the phenyl moiety and the HOMO−LUMO gaps, which makes it possible 
to predict that the monomers 3a-e would have red-shifted absorption spectra. Based on our preliminary 
theoretical guidance, the steady-state absorption and emission properties were investigated both in solu-
tion and in the solid state. 
  
Figure 4. Absorption (top) and emission (bottom) profiles for compounds 3 in CH2Cl2 solution. 
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The absorption and emission spectra of compounds 3a-e both in solution and in the solid state are 
shown in Figure 4, S11 and summarized in Table 1. As shown in Figure 4 (top), type 3 compounds have 
a strong, high-energy band centered at 294−302 nm, which is mainly due to the π−π* transitions of the 
substituents and pyrene core. In this type of molecule, with classical donor groups at the terminal ar-
omatic rings of pyrene, all of the monomers exhibited a broad absorption band with low-energy 
absorption (414−434 nm), indicating that their excited states possess some charge transfer (CT) 
absorption associated with the ICT from the para substituents of the N,N-diphenylamine termi-
nal to the pyrene unit, which is attributed to the separated HOMO and LUMO distributions. It 
was found that the low-energy band is relatively more affected and sensitive than the high-
energy band by the nature of the functional groups para to the phenyl moiety according to the 
molar absorption coefficient (Figure 4 top). Compounds 3a-e have a high-energy band which 
corresponds to a molar absorption coefficient centered at 48046−50002 cm–1 M–1, and a low-
energy band which corresponds to a molar absorption coefficient ranging from 22135 to 31614 
cm–1 M–1. The band gap energy (Eg) of compounds 3a-e calculated from the absorption edge of 
the UV/Vis spectra are also summarized in Table 1. The LUMO levels of 3a-e were estimated 
from the Eg and HOMO levels. 
 
Figure 5. Hammett σpara constants versus wavenumber (cm–1) for 3a (black), 3b (red), 3c (blue), 3d 
(green), and 3e (orange). 
The emission maxima of this set of monomers 3 are in the range 465−525 nm in dilute CH2Cl2 solu-
tions with a systematic bathochromic shift in the order 3a < 3b < 3c < 3d < 3e (Figure 4 bottom), con-
sistent with the electronegativity of the substituents at the para position of the phenyl moiety. These re-
sults, combined with the theoretical calculations, indicate that the energy gap (Eg) could be tuned be-
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tween the group and the excited states by introducing different substituent groups. More interestingly, 
when the λem max are converted to wavenumbers (cm–1) and plotted versus the Hammett σpara constants 
for the functional groups para on the phenyl, a positive correlation was clearly observed obviously 
(Figure 5). This result establishes a promising strategy for the design of pyrene-based luminophores by 
choosing functional groups on the basis of their Hammett σpara value.  
The emission spectra in the solid state were also recorded, and all of the compounds were found to ex-
hibit a red shift trend compared with their corresponding emission spectra in solution (Table 1, and Fig-
ure S12). However, the emission band maxima of 3d was blue-shifted (19 nm) relative to the results in 
solution, because of the introduction of the bulky electron donor tert-butyl group that not only plays a 
role in restricting aggregation in the solid state but also affects the conformation of the electronic struc-
tures. It was observed that the quantum yields showed no trend in solution. Additionally, a decrease in 
the photoluminescence quantum yield of these compounds was observed in thin films. In order to gain 
further insight into the pronounced difference of luminescence quantum efficiency in both these two 
states, H- and J-aggregates21 were elucidated since it is generally agreed that these are the best known 
theoretical predictors (Figure 6). According to the optical results, we assumed that these molecules may 
aggregate in a parallel way (face-to-face stacking) to form a sandwich-type arrangement (H-dimer), 
which is also consistent with the crystallization results. Furthermore, an important feature of the H-
aggregate of the dimer is that the fluorescence is quenched, as the lowest excited energy level is forbid-
den.  
 
 
Figure 6. Schematic representation of the relationship between chromophore arrangement based on the 
molecular exciton theory. 
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Figure 7. (left) Emission spectra of 3e in cyclohexane, 1,4-dioxane, THF, DCM, and DMF at room 
temperature; (right) Lippert-Mataga plots for compound 3e. 
The fluorescence spectra of 3a-e are highly sensitive toward the solvent polarity. The spectral proper-
ties of the solvatochromism were investigated in different solvents with varying polarity (cyclohexane, 
1,4-dioxane, tetrahydrofuran, dichloromethane, and dimethyl formamide); the results are shown in the 
Supporting Information (Figure S12). Compound 3e is a representative example, for which Figure 7 
(left) shows a significant red-shift on increasing the solvent polarity from cyclohexane to DMF (47 nm 
for 3a, 43 nm for 3b, 54 nm for 3c, 54 nm for 3d, 71 nm for 3e, respectively). This phenomenon was 
further evaluated by the relationship between the Stokes shifts in various solvents and the Lippert equa-
tion,22 which shows a linear correlation between these two factors (Figure 7 right). The trend in the 
slope of the Lippert-Mataga plots follow the order 3e > 3d > 3c > 3b ≈ 3a, and we can find that the val-
ue of the slope of the fitting line for 3e (5021.5) is higher than that for 3b (3502.4), indicating the intra-
molecular excited state with a larger dipolar moment for the former than the latter. Also, those results 
reveal extraordinary sensitivity to solvent polarity. Moreover, the distinct charge separation and higher 
dipole moment were further confirmed in the excited state.23 
CONCLUSIONS 
In summary, a series of tuneable pyrene-based monomers 3a-e were designed and synthesized 
by a facile strategy, and their optical properties were investigated both experimentally and com-
putationally. It was determined that these systems exhibited predictable photophysical properties 
by introducing different substituents at the para position of the phenyl moieties. Moreover, a 
positive correlation between the wavelength of the λem max and the Hammett σpara constants for 
the functional groups provided evidence that these systems may be used to tune the emission 
color from blue to yellow or orange, and further investigations aimed at developing these opto-
electronic materials for practical applications are ongoing in our group. 
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EXPERIMENTAL SECTION 
All melting points (Yanagimoto MP-S1) are uncorrected. 1H NMR spectra (300 MHz) were recorded on 
a Nippon Denshi JEOL FT-300 NMR spectrometer with SiMe4 as an internal reference: J-values are 
given in Hz. IR spectra were measured for samples as KBr pellets in a Nippon Denshi JIR-AQ2OM 
spectrophotometer. UV-vis spectra were recorded on a Perkin Elmer Lambda 19 UV/VIS/NIR spec-
trometer. Mass spectra were obtained on a Nippon Denshi JMS-01SA-2 spectrometer at 75 eV using a 
direct-inlet system. 
Materials 
Unless otherwise stated, all other reagents used were purchased from commercial sources and were 
used without further purification. The preparations of 2-tert-butylpyrene (1) and 7-tert-butyl-1,3-
dibromopyrene (2) were described previously.24 
Synthetic Procedures 
Synthesis of 7-tert-butyl-1,3-bis(N,N-bis(4’-fluorophenyl)amino)pyrene (3a)  
A mixture of 7-tert-butyl-1,3-dibromopyrene 2 (300 mg, 0.72 mmol), bis(4-fluorophenyl)amine (443 
mg, 2.16 mmol), palladium(II) acetate (8.1 mg, 36 μmol), sodium tert-butoxide (416 mg, 4.33 mmol), 
and tri-tert-butylphosphine (1M in toluene, 0.07 mL, 70 μmol) in toluene (15 mL) was heated to reflux 
for 12 h under argon. The mixture was chilled to room temperature and quenched with water (100 mL). 
The mixture was extracted with dichloromethane (3 × 50 mL), and the combined extracts were washed 
with water and brine, dried with MgSO4 and concentrated. The residue was chromatographed over silica 
gel (Wako C-300, 200 g) with chloroform:hexane (2:8) as eluent to give an orange solid. Recrystalliza-
tion from methanol afforded 7-tert-butyl-1,3-bis(N,N-bis(4’-fluorophenyl)amino)pyrene 3a (368 mg, 
77%) as orange prisms. M.p. 198–200°C; 1H NMR (300 MHz, CDCl3): δH = 1.53 (s, 9H, tBu), 6.85–
6.97 (m, 16H, Ar-H), 7.47 (s, 1H, pyrene-H), 7.88 (d, J = 9.2 Hz, 2H, pyrene-H), 8.00 (d, J = 9.2 Hz, 
2H, pyrene-H), 8.13 ppm (s, 2H, pyrene-H); 13C NMR (100 MHz, CDCl3): δC = 31.8, 35.2, 115.9, 116.1, 
122.8, 123.2, 123.2, 126.0, 127.7, 127.8, 128.0, 131.0, 141.6, 144.7, 144.7, 150.0, 156.9, 159.3 ppm; 
FAB-MS: m/z calcd for C44H32F4N2 664.2502 [M+]; found 664.1047 [M+]. 
Synthesis of 7-tert-butyl-1,3-bis(N,N-diphenylamino)pyrene (3b)  
A mixture of 7-tert-butyl-1,3-dibromopyrene 2 (300 mg, 0.72 mmol), diphenylamine 2 (366 mg, 2.16 
mmol), palladium(II) acetate (8.1 mg, 36 μmol), sodium tert-butoxide (416 mg, 4.33 mmol), and tri-
tert-butylphosphine (1M in toluene, 0.07 mL, 70 μmol) in toluene (15 mL) was heated to reflux for 12 h 
under argon. The mixture was chilled to room temperature and quenched with water (100 mL). The 
mixture was extracted with dichloromethane (3 × 50 mL), and the combined extracts were washed with 
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water and brine, dried with MgSO4 and concentrated. The residue was chromatographed over silica gel 
(Wako C-300, 200 g) with chloroform:hexane (2:8) as eluent to give a light-yellow solid. Recrystalliza-
tion from ethyl acetate afforded 7-tert-butyl-1,3-bis(N,N-diphenylamino)pyrene 3b (291 mg, 68%) as 
light yellow prisms. M.p. 235–236°C; 1H NMR (300 MHz, CDCl3): δH = 1.53 (s, 9H, tBu), 6.90 (t, J = 
7.2 Hz, 4H, Ar-H), 7.04 (d, J = 7.5 Hz, 8H, Ar-H), 7.16 (d, J = 8.0 Hz, 8H, Ar-H), 7.67 (s, 1H, pyrene-
H), 7.86 (d, J = 9.2 Hz, 2H, pyrene-H), 8.06 (d, J = 9.2 Hz, 2H, pyrene-H), 8.10 ppm (s, 2H, pyrene-H); 
13C NMR (100 MHz, CDCl3): δC = 31.8, 35.2, 121.7, 121.8, 122.5, 123.1, 123.2, 126.8, 127.7, 127.9, 
129.1, 129.2, 131.1, 141.5, 148.3, 149.8 ppm; FAB-MS: m/z calcd for C44H36N2 592.2878 [M+]; found 
592.2581 [M+]. 
Synthesis of 7-tert-butyl-1,3-bis(N,N-bis(4’-methylphenyl)amino)pyrene (3c)  
A mixture of 7-tert-butyl-1,3-dibromopyrene 2 (300 mg, 0.72 mmol), bis(4-methylphenyl)amine (426 
mg, 2.16 mmol), palladium(II) acetate (8.1 mg, 36 μmol), sodium tert-butoxide (416 mg, 4.33 mmol), 
and tri-tert-butylphosphine (1M in toluene, 0.07 mL, 70 μmol) in toluene (15 mL) was heated to reflux 
for 12 h under argon. The mixture was chilled to room temperature and quenched with water (100 mL). 
The mixture was extracted with dichloromethane (3 × 50 mL), and the combined extracts were washed 
with water and brine, dried with MgSO4 and concentrated. The residue was chromatographed over silica 
gel (Wako C-300, 200 g) with chloroform:hexane (2:8) as eluent to give a light-yellow solid. Recrystal-
lization from ethyl acetate afforded 7-tert-butyl-1,3-bis(N,N-bis(4’-methylphenyl)amino)pyrene 3c (387 
mg, 82%) as light-yellow prisms. M.p. 224–225°C; 1H NMR (300 MHz, CDCl3): δH = 1.52 (s, 9H, tBu), 
2.25 (s, 12H, Me), 6.91 (d, J = 8.8 Hz, 8H, Ar-H), 6.96 (d, J = 8.4 Hz, 8H, Ar-H), 7.60 (s, 1H, pyrene-
H), 7.83 (d, J = 9.2 Hz, 2H, pyrene-H), 8.06 (d, J = 9.7 Hz, 2H, pyrene-H), 8.07 ppm (s, 2H, pyrene-H); 
13C NMR (100 MHz, CDCl3): δC = 20.7, 31.8, 35.1, 121.7, 122.3, 123.3, 126.4, 127.2, 127.9, 128.9, 
129.6, 130.8, 131.1, 142.0, 146.2, 149.6 ppm; FAB-MS: m/z calcd for C48H44N2 648.3504 [M+]; found 
648.3521 [M+]. 
Synthesis of 7-tert-butyl-1,3-bis(N,N-bis(4’-tert-butylphenyl)amino)pyrene (3d)  
A mixture of 7-tert-butyl-1,3-dibromopyrene 2 (300 mg, 0.72 mmol), bis(4-tert-butylphenyl)amine 
(607 mg, 2.16 mmol), palladium(II) acetate (8.1 mg, 36 μmol), sodium tert-butoxide (416 mg, 4.33 
mmol), and tri-tert-butylphosphine (1M in toluene, 0.07 mL, 70 μmol) in toluene (15 mL) was heated to 
reflux for 12 h under argon. The mixture was chilled to room temperature and quenched with water (100 
mL). The mixture was extracted with dichloromethane (3 × 50 mL), and the combined extracts were 
washed with water and brine, dried with MgSO4 and concentrated. The residue was chromatographed 
over silica gel (Wako C-300, 200 g) with chloroform:hexane (3:7) as eluent to give an orange solid. Re-
crystallization from methanol afforded 7-tert-butyl-1,3-bis(N,N-bis(4’-tert-butylphenyl)amino)pyrene 
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3d (588 mg, 73%) as yellow prisms. M.p. 229–230°C; 1H NMR (300 MHz, CDCl3): δH = 1.27 (s, 18H, 
tBu), 1.29 (s, 9H, tBu), 6.99 (t, J = 8.1 Hz, 7H, Ar-H), 7.07 (d, J = 7.6 Hz, 2H, Ar-H), 7.18 (t, J = 8.1 
Hz, 7H, Ar-H), 7.75 (d, J = 7.6 Hz, 1H, pyrene-H), 7.86 (t, J = 8.6 Hz, 2H, pyrene-H), 8.10 ppm (m, 4H, 
pyrene-H); 13C NMR (100 MHz, CDCl3): δC = 31.4, 31.8, 34.1, 35.1, 121.0, 122.3, 123.2, 123.4, 125.8, 
126.9, 127.3, 127.9, 128.9, 129.3, 131.1, 134.7, 141.7, 144.1, 145.7, 149.6 ppm; FAB-MS: m/z calcd for 
C60H68N2 816.5383 [M+]; found 816.5383 [M+]. 
Synthesis of 7-tert-butyl-1,3-bis(N,N-bis(4’-methoxyphenyl)amino)pyrene (3e)  
A mixture of 7-tert-butyl-1,3-dibromopyrene 2 (300 mg, 0.72 mmol), bis(4-methoxyphenyl)amine 
(495 mg, 2.16 mmol), palladium(II) acetate (8.1 mg, 36 μmol), sodium tert-butoxide (416 mg, 4.33 
mmol), and tri-tert-butylphosphine (1M in toluene, 0.07 mL, 70 μmol) in toluene (15 mL) was heated to 
reflux for 12 h under argon. The mixture was chilled to room temperature and quenched with water (100 
mL). The mixture was extracted with dichloromethane (3 × 50 mL), and the combined extracts were 
washed with water and brine, dried with MgSO4 and concentrated. The residue was chromatographed 
over silica gel (Wako C-300, 200 g) with chloroform:hexane (8:2) as eluent to give an orange solid. Re-
crystallization from ethyl acetate afforded 7-tert-butyl-1,3-bis(N,N-bis(4’-methoxyphenyl)amino)pyrene 
3e (370 mg, 72%) as orange prisms. M.p. 260–261°C; 1H NMR (300 MHz, CDCl3): δH = 1.52 (s, 9H, 
tBu), 3.74 (s, 12H, OMe), 6.72 (d, J = 9.2 Hz, 8H, Ar-H), 6.92 (d, J = 9.0 Hz, 8H, Ar-H), 7.48 (s, 1H, 
pyrene-H), 7.80 (d, J = 9.3 Hz, 2H, pyrene-H), 8.04 (d, J = 8.4 Hz, 2H, pyrene-H), 8.06 ppm (s, 2H, py-
rene-H); 13C NMR (100 MHz, CDCl3): δC =  31.8, 35.1, 55.5, 114.5, 122.1, 123.2, 123.3, 123.4, 125.3, 
126.8, 127.6, 128.0, 131.2, 142.5, 142.7, 149.5, 154.5 ppm; FAB-MS: m/z calcd for C48H44N2O4 
712.3301 [M+]; found 712.3286 [M+]. 
X-ray Crystallography 
A suitable single crystal (0.87 × 0.63 × 0.43 mm3) was selected and mounted on a Bruker APEX 2 
CCD diffractometer equipped with graphite-monochromated Mo-Kα radiation for 3e.25 Data were cor-
rected for Lorentz and polarisation effects and for absorption.25 The structure was solved by direct me-
thods and refined routinely except that atoms C36 > C41 & O(3) were modelled as disordered over two 
sets of positions with major component 51.3(3)%. Details of the crystal parameters, data collection con-
ditions, and refinement parameters26 for the compound 3e are summarized in Tables S1–2. Crystallo-
graphic data for the structure in this paper have been deposited with the Cambridge Crystallographic 
Data Centre as supplementary publication number CCDC 1537633. Copies of the data can be obtained, 
free of charge, on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [fax: 144-1223-
336033 or e-mail: deposit@ccdc.cam.ac.uk]. 
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